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In a comparison of filament yarn, the characteristic of spun yarn is the presence of hairiness. However, as the hairiness of the yarn produces faults in the production of fabric, it is desirable to reduce it in spun yarns. Towards this end, various spinning methods of twin yarn, compact yarn, MVS yarn, etc., have been proposed and reported worldwide [1] [2] [3] [4] [5] [6] [7] [8] [9] . On the other hand, studies on the arrangements of fibers in blended yarns have been reported by Boswell and Townend [10] , Morton [11] , and Balasubramanian [12] .
Fine denier fiber, generally defined by less than 1.1 (dtex) (1.0 (denier)) of fiber fineness, is made by various chemical and mechanical methods. Super-fine and fine denier filaments are useful for developing new textile products with the functional properties of reduced weight, high density, softness, wipeability, etc.
In our previous paper [13] , we reported on the spinning conditions, characteristics, and twist level of novel multilayered spun yarns produced by a modified ring spinning system. In this study, we describe the development and characteristics of novel triplet spun yarns made by combining staple fibers of three different finenesses into one twisting process. 1 
Experiment
We used three rovings made from viscose rayon fibers of differing fineness as listed in Table 1 . The spun yarn size was about 19.7 tex (30 Ne) and the twist factor was about 43.1 (turns per cm) tex 1/2 (4.5 (turns per inch)/Ne 1/2 ). Figure 1 shows schematic illustrations for various yarn productions using an experimental ring spinning frame. In general, single yarn is made from one staple fiber roving. Twin spun yarn is produced by twisting together two strands that have been separated in the drafting zone, resulting in a yarn with the characteristics of a two-fold structure within a conventional single yarn. As in the spinning method for twin spun yarn, triplet spun yarn with a three-ply structure was produced by the use of three staple fiber rovings. In the spinAbstract In order to reduce the hairiness of ring spun yarns and to develop novel multilayered spun yarns, we investigated the properties of triplet spun yarns made from the same size of three rovings with different fiber fineness using an experimental ring spinning frame. The results were: (1) different fiber fineness triplet spun yarn, a new yarn made by combination staple fibers of three different fineness into one twisting process; (2) although triplet spun yarn had a side-by-side structure in the cross-section, the central angle made by the assembly of finer fibers was smaller than that of coarser fibers; and (3) in comparison with single yarn, triplet spun yarn had less hairiness and greater strength because of the lower spinning tension of each strand and the twist propagation in each strand.
Key words characteristics, composite yarn, differing fiber fineness, triplet spun yarn ning method shown in Figure 1 , the distance from the front roller nip to the yarn formation point at the center position of 'b' is shorter than that of the two side positions of 'a' and 'c', where the distance between the center of the rovings at the three positions of 'a', 'b', and 'c' is set up about 3 (mm) using an appropriate guide. In cases in which the three rovings are made from fibers of the same fineness, this yarn is called 'same fiber fineness triplet spun yarn' (denoted by 'SFTY'). When each supply roving is made from staple fibers of differing fineness, this yarn is called 'different fiber fineness triplet spun yarn' (denoted by 'DFTY'). Table 2 lists the arrangement of three supply rovings in the spinning of triplet spun yarn. Therefore, DFTY could be made simply by changing the position of each supply roving.
To investigate the geometric position of each fiber strand in the triplet spun yarns, we used a colorless staple fiber (0.2 dtex (0.2 denier)) and two colored staple fibers (0.9 dtex (0.8 denier) in orange and 1.4 dtex (1.3 denier) in black) as listed in Table 1 . By manual operation, yarn with a tension of 5 (gf) was wound with a space in between the adjoining coils on a thick cover glass. Under a microscope, we observed longitudinal and cross-sectional views of the yarn, in which each testing was repeated 10 times with different samples. In cross-sectional images, the circle of yarn diameter and the central angle of fiber assembly were measured using scales. Yarn evenness and hairiness were determined using an Uster III automatic evenness tester, with a yarn speed of 25 (m/min), a testing time of 2 (min), and with two repetitions. The mechanical properties of the yarns were observed using an Instron constant rate of elongation tensile tester with a test length of 250 (mm), an extension rate of 300 (mm/min), and 50 tests per yarn. In the same way, the mechanical properties of fibers with and without the package dyeing were measured by the testing condition with a test length of 20 (mm), an extension rate of 20 (mm/min), and 35 tests per fiber.
Results and Discussion
Yarn Structure Figure 2 shows the typical side-by-side structures of various triplet spun yarns. In each image, the circle and three lines in red color indicate the yarn diameter and the boundary lines between three fiber assemblies, respectively. The yarn diameter and the central angle were then obtained. Table 3 lists the characteristics of the yarn structures of various triplet yarns. In samples of SFTY, yarn diameter showed a tendency to decrease with increase of the fiber fineness. It was observed that the width of fiber strand gripped by the front rollers decreased with increase of the fiber fineness because of the smaller number of coarser fibers in the same roving size. In samples of SFTY, the calculated average value of the central angle on fiber fineness of 0.2, 0.9, or 1.4 (dtex) was equal to 120 (degree), respectively. On the other hand, in samples of DFTY, the calculated average central angles were 0.2 (dtex) = 81 (degree), 0.9 (dtex) = 132.3 (degree), and 1.4 (dtex) = 146.7 (degree). The central angle made by the fiber assembly in DFTY increased with increase of the fiber fineness, where the differences between the samples were statistically significant with the level of 0.05. It is also known that, in blended yarn composed of fibers differing in physical properties, short and coarse fibers tend to lie closer to the surface, while long and fine fibers lie at the core. Therefore, if it is necessary to divide the yarn cross-section into equal thirds, the same as in the idealized model shown in Figure 1 -C, we have to set up and use different roving sizes which vary in the fiber fineness. Figure 1 . This may be explained by noting that the strand of 1.4 (dtex) had a small number of fibers and, in the spinning triangle formed with the front roller nip and the yarn formation point, the distance from the front roller nip to the yarn formation point at the center position of 'b' is shorter than that at the two side positions of 'a' and 'c'. It is also known that twin and triplet spun yarns can have ply and strand twists in spite of the single twisting process, and that the sum of higher ply and lower strand twist levels in yarns is numerically almost equal to the twist level of single yarn of the same count [13] . However, when three rovings made from staple fibers of differing fineness are applied in this spinning method, it may be expected that the twist propagation and the strand twist level will vary with the fiber fineness. Because the coarser fibers with a lower level of strand twist are straight along the sides of the roving arrangement, the edge fibers are easily lost due to their falling away from the yarn formation point. For example, it was observed that the spinning with roving arrangements of 0.9/0.2/1.4 or 0.2/0.9/ 1.4 was often interrupted by loss of the fibers in the side roving. Therefore, the unstable spinning condition was brought about with the use of two roving arrangements of 0.9/0.2/1.4 and 0.2/0.9/1.4. In this connection, earlier papers have reported that, in spinning done from triple rovings of fibers of the same type, the central roving occupies a position closer to the core, while the ones at the sides show up more prominently at the surface [10] , and that fibers in the side roving stay at the surface and contribute more to wild fibers [11] . Namely, the stable spinning condition was also brought about with the use of a roving arrangement of 0.2/1.4/0.9. Figure 3 shows the coefficient of variation (CV%) of thickness on various spun yarns. The CV% of single yarn increased with increase of the fiber fineness. This may be explained by noting that, regarding the thickness variation of yarn in the same count, as the composition number of coarser fibers is smaller than that of finer fibers, the influence per one coarser fiber is greater than that of one finer fiber. Although the draft ratios were 30 for single yarn and 90 for SFTY (or DFTY), the CV% of SFTY was smaller than that of single yarn. In general, the CV% of yarn thickness increased with increase of the draft ratio. The CV% of DFTY was greater than that of SFTY and was nearly equal to that of single yarn. However, in comparison with the arrangement of supply rovings as listed in Table 2 , the CV% of DFTY 3 (0.2/1.4/0.9 dtex) was smaller than that of DFTY 1 (0.9/0.2/1.4 dtex) and DFTY 2 (0.2/0.9/1.4 dtex).
Yarn Evenness
Therefore, the greater thickness variation of DFTY 1 and 2 may have been caused by the loss of the coarser fibers under the unstable spinning condition. If that was the case, it will be necessary to consider the roving size and the draft ratio for the spinning of triplet spun yarn. Figure 4 shows the hairiness of various spun yarns. In comparison with single yarns and SFTY made from fibers of the same fineness, SFTY had a tendency towards decrease in the hairiness because of the twist propagation in each fiber strand as mentioned above. The differences were statistically significant. It is also well known that the hairiness of doubled yarn is lower than that of single yarn and that, in comparison with single yarn, twin spun yarn has a lower hairiness. However, we could not check the influences of the fiber fineness because of colorless and colored fibers. In Uster tester, in comparison with yarn made from colorless fibers with the same count, yarn made from colored fibers had a tendency towards decrease in hairiness. In particular, black color had greater influence. In comparison of the roving arrangement, the hairiness of DFTY 3 (0.2/1.4/0.9 dtex) was smaller than that of DFTY 1 (0.9/0.2/1.4 dtex) and DFTY 2 (0.2/0.9/1.4 dtex), but the difference between DFTY3 and DFTY1 was not statistically significant. Table 4 lists the mechanical properties of various fibers. The breaking strength of fibers showed a tendency to decrease with increase of the fiber fineness. Also, the elongation of fibers increased with increase of the fiber fineness. All the differences were statistically significant. Figures 5 and 6 show the breaking strength and the elongation of various spun yarns. As shown in Figure 5 , the breaking strength of single yarn decreased with increase of the fiber fineness because of the smaller number of coarser fibers in the strand. SFTY had lower irregularity and higher strength than yarns from single roving mainly because of the reduction of irregularity added in drafting by doubling and because of the structure being similar to that of doubled yarns as in Siro spinning. In comparison with the arrangement of supply roving, the strength of DFTY 3 (0.2/1.4/0.9 dtex) was greater than that of DFTY 1 (0.9/0.2/1.4 dtex) and DFTY 2 (0.2/0.9/1.4 dtex) with the significance level of 0.05. On the other hand, as shown in Figure 6 , the elongation of SFTY was nearly equal to that of single yarn. Also, the elongation of DFTY was smaller than that of SFTY, but the differences in DFTY were not statistically significant. In comparison with the arrangement of supply rovings, the elongation of DFTY 1 was smaller than that of DFTY 2 and DFTY 3 with the significance level of 0.05. However, it has been reported that, in spinning from triple rovings of fibers of the same type, the average position of the constituent in the yarn section did not have any large effects on the strength or the extension of the yarn [12] .
Yarn Hairiness

Tensile Properties
Consequently, in order to improve the evenness, hairiness, and tensile properties of DFTY, it might be useful to consider the cut length of fibers for decreasing hairiness along with decrease of the fiber fineness and the twist level of yarn for propagating a sufficient level of twist into strands composed of coarser fibers.
Conclusions
To reduce yarn hairiness and develop novel multilayered spun yarns, triplet spun yarns made from fibers of differing fineness (denoted by DFTY) using an experimental ring spinning frame were designed and investigated. The results were as follows: (1) DFTY composed of super-fine and/or fine denier fibers could be produced to enhance the functional properties of textile products; (2) with fibers of the same cut length and roving size, as the central angle made by each fiber assembly in the yarn decreased with decrease of the fiber fineness, the side view of the fiber assembly displayed irregular width on the yarn surface; and (3) the quality of DFTY might be enhanced by decreasing the cut length of fibers with decrease of the fiber fineness and by controlling the roving size and the twist factor to allow an adequate amount of twist propagation in the three staple fiber strands.
Further study is needed to refine the technique of combining three strands made from fibers of differing fineness in the spinning of triplet spun yarn and to develop the practical tests for novel composite yarn.
